The purpose of this current study was to ®nd out the coincidence of pathological penile vascular supply with pathological data in Bulbocavernosusre¯ex latency (BCR-L) measurements and Pudendal Nerve SSEP (PudSSEP) recordings. Six hundred and sixty-nine males (642 with erectile dysfunction, 27 with different sexual disturbances) (mean age 49.3 y, range 17±76 y) underwent consecutively a battery of neurophysiological investigations together with pharmacotesting of cavernous bodies combined with duplex sonography of penile arteries. Pathological vascular ®ndings were indicated in 286 men (43%), pathological neurophysiological ®ndings in 264 men (39%). Normal ®ndings in both investigations (vascular and neurophysiological) were encountered in 252 men (38%); 131 men (19%) revealed pathological data exclusively in the neurophysiological parameters, 153 (23%) exclusively in the vascular parameters and 133 (20%) in both.
Introduction
Reports on the coincidence of vascular and neurological de®cits in organic impotence are to date rarely encountered in the literature. 1±3 With regard to vascular disorders, in 27% of males affected with erectile dysfunction was reported arterial and in 29% cavernous impairment. 4 The ratio of pathological ®ndings in neurophysiological examinations ranges from 15% for BCR-L measurement vs 13% for pudendal SSEP recordings 3 and 16% pathological BCR-L vs 2% pathological pudendal SSEP, 5 respectively, up to 50% pathological BCR-L vs 26% pathological pudendal SSEP 6, 7 in de®ned groups of impotent patients with various diagnoses.
Porst et al 6 reported in 106 men with anticipated organic' impotence vascular disorders in about 75%, with the highest amount in patients with diabetes mellitus and pelvic trauma; a comparison between vascular and neurophysiological ®ndings has not yet been conducted.
The objective of this current study is to compare vascular examinations (pharmaco-duplex-sonography) with BCR-L and pudendal SSEP recordings in a large, well de®ned group (n 669) of men mainly with complaints of erectile dysfunction (n 642) in order to evaluate its total percentage and subsequently with respect to the anticipated etiology of impotence.
evaluated consecutively since 1988 in a specialised of®ce-setting for erectile dysfunction and sexual impairment. Bulbocavernosusre¯ex-latency-(BCR-L-) and pudendal nerve SSEP assessment was part of a battery of various neurophysiological testings, such as further tibial nerve SSEP, EMG of pelvic oor muscles, myography and motor and sensory neurography of lower limbs as well as neurophysiological examination of the autonomic nervous system.
Irrespective of the neurophysiological investigations, all patients underwent a separate vascular assessment including intracavernous injection of Alprostadil (PGF 1 ) combined with penile duplexsonography of the dorsal and deep penile arteries with determination of the systolic peak¯ow velocities and the enddiastolic¯ow values.
Diagnoses were subdivided into 12 categories; numbers, age of patients, normal and pathological ®ndings can be found in Table 1 .
Fifty-one men entered the subcategory`alcohol abusers' with a conceded alcohol abuse higher than 60 g/d for 11.9 y mean, 1 with an abuse for less than 2 y, 9 from 2±5 y and 41 more than 5 y. In the subcategory of alcohol abusers, mean duration of erectile dysfunction was 4.6 y range (0.2±30).
One hundred and thirty-one men with type-I and type-II-diabetes, mean duration 11.2 y (0.1±50), were assigned to the subcategory`diabetics'. Diabetes was present for less than 2 y in 13, from 2±5 y in 28 and more than 5 y in 79 patients; in 5 men duration of diabetes was unknown. In the diabetic group, mean duration of erectile dysfunction was 3.2 y range (0.2±22).
Twenty-one men were assigned to the subcategory of PNP of various etiology and motor neuron diseases, 7 of them after in¯ammatory PNP (2 6 poliomyelitis, 2 6 Guillain-Barre Â-syndrome, 1 6 borrelioses, 1 6 diphtheria), 3 with toxic etiology except alcohol (1 6 dioxine, 1 6 solvents, 1 6 lead), 1 with metabolic aetiology except diabetes (perniciosa together with porphyria), 2 with inherited PNP, and 7 in whom etiology of PNP was unclear. Mean duration of erectile dysfunction in this group was 7.2 y range (1±20).
Sixty-®ve men were allocated to the subcategory of radiculopathies, most of them with lumbosacral or lower lumbal intervertebral discopathia, substantiated by lumbar CT or MRT-scan, all with typical neurological de®cits andaor EMG-®ndings, 41 of them after discogenic surgery. Mean duration of erectile dysfunction in this population was 5.0 y range (0.3±47).
The subcategory`pelvic' consisted of 44 men, 23 of them after pelvic trauma, 21 after pelvic surgery, with 14 of these undergoing radical prostatectomy or cystectomy. At the diagnostic evaluation, mean duration of erectile dysfunction was 4.3 y range (0.3±28). Twenty-one patients reported an immediate onset of erectile dysfunction following the event.
Twenty-nine men were assigned to the subcategory`local penile affections', 16 of them after local surgery such as corporoplasty, ligation of penile dorsal veins or unsuccessful implantation of penile prosthesis, 3 after prolonged priapism, 5 after penile fracture, 4 with spontaneous penile ®brosis or deviation, and one after TUR-P with in¯ammatory complication. Mean duration of erectile dysfunction was 3.1 y range (0.3±15). Ten patients reported an immediate onset of erectile dysfunction subsequent to the event.
Fifty-two men were classi®ed as`CNS-disease', 10 of them with multiple sclerosis, 8 with incomplete transversal syndrome, 14 with psychosis andaor organic brain syndrome, 9 after cerebral vascular events or encephalitis, 5 after brain tumor surgery, 2 after a severe brain injury, 2 with epilepsia, 1 with parkinson syndrome and 1 with supranuclear palsy. Mean duration of erectile Eighty-eight men, in whom no probable organic etiology of erectile dysfunction (by history, neurological and urological clinical examinations as well as neurophysiological and vascular evaluation) could be established, but without a proof of psychogenic imbalance in the past, were collected in the subcategory`psychogenic by exclusion'. Mean duration of erectile dysfunction in this subcategory was 3.6 y, range (0.1±18) with 5 men con®rming primary erectile failure for all their lives.
The subcategory`miscellaneous' with 67 men included 29 patients with various diseases such as prolactinoma, rheumatic diseases, myasthenia, thrombosis and generalised vascular disorders as well as 36 males, in whom erectile failure was explained exclusively by arterial or cavernous insuf®ciency; in 2 patients, data in terms of diagnosis were missing. Mean duration of erectile dysfunction was 3.8 y range (0.3±12).
The subcategory`no erectile dysfunction' comprised of 27 men with various sexual impairment, but unaffected erectile function; 12 of these complained of penile pain or oversensitivity spontaneously or with erection, 6 reported retardation or absence of orgasm and 7 of ejaculation; penile fracture without following erectile dysfunction was reported by two patients.
The last subcategory,`unpreviewed pathological value', consisted of 58 patients, in whom the neurophysiological examinations presented a dysbalance of penile nerve supply unexpected after history and clinical investigation. Explanation could not be provided within the course of a single outpatient session. Especially those patients bene®ted from the neurophysiological assessment, which led to further evaluation. Mean duration of erectile dysfunction was 5.0 y range (0.2±30).
BCR-latency-measurement
BCR-latency-measurement was performed according to Tackmann et al 7 with the subject in a supine position. Dorsal penile nerve (DPN) was stimulated electrically by means of ring electrodes applied around the penile shaft, the cathode in the corona glandis and the anode more proximally with a 2±3 cm distance.
Rectangular stimuli of 0.2 ms duration were delivered with a stimulus interval of 40±60 s and a stimulus intensity of 6±8 times of the individual sensory threshold. Recordings were conducted synchronously for each side via concentric needle electrodes being bilaterally inserted into the bulbocavernous muscle. The sensitivity of the ampli®ers was 200±1000 mVacm, the bandpass ranged from 20 Hz±5 kHz. Ten consecutive responses were recorded, the correct needle position in the muscle was approved by the subject's voluntary contraction of the pelvic¯oor or coughing several times during the procedure. For each response the latency between the delivery of the stimulus and the onset of the response was measured by means of a cursor on the screen. Evaluated parameters were mean of the ten latencies asserved at each side, maximum side difference between right and left response on the same stimulus and time dispersion of the ten responses on each side.
Normal values were adapted from Tackmann et al. 7 In order to achieve reasonable standards of comparison with other authors' work, results were considered pathological if mean BCR-L was higher than 2.5 times s.d. on one or both sides. This lead to an upper limit of normal range at 42.2 ms for mean BCR-L. Maximum side difference was considered pathological if higher than 5 ms, time dispersion if higher than 10 ms on one or both sides.
Pudendal nerve SSEP
Stimulation conditions were selected in accordance to those of BCR-L-measurement with a stimulus intensity of 2.5±3.5 times of the individual sensitivity threshold which ranged mainly from 8±16 mA and a stimulus rate of 3 Hz corresponding to Tackmann et al. 8 SSEP were recorded from the scalp with surface electrodes (AgaAgCl), the active electrode placed 2 cm behind the point Cz of the international-10±20 system, the reference at Fz at the forehead, the ground electrode at the right or left arm. Bandpass ranged from 3 Hz±2 kHz, impedances were less than 10 kO. Signals were averaged until a stable curve appeared on the screen, which was the case mainly after 125±250 recordings.
According to Tackmann et al 8 the parameter exclusively assessed was the latency of the SSEPs ®rst positive peak, P1, later peaks and amplitudes were not evaluated. With respect to Tackmann et al, 7, 8 who reported mean-latencies of 41.7 with a s.d. of 2.8 ms within 30 healthy controls, P1-latency was considered to be normal up to 48.7 ms (mean 2.5 s.d.). 
Results
Proportions of normal and pathological neurophysiological and vascular ®ndings are shown in Figure  1 Normal vascular ®ndings were observed in 383 men (57%), pathological vascular ®ndings in 286 men (43%), 115 of these with arterial occlusion, 101 patients with cavernous insuf®ciency and 60 with both ( Figure 2 ). The comparison of normal and pathological data in BCR-L and pudendal SSEP recordings accidentally revealed a rather similar distribution. The proportions of exclusively pathological ®ndings in BCR-L, however, were with 131 (20%) nearly two fold higher than in PudSSEP with 71 (11%) (Figure 2) .
Considering all the neurophysiological and vascular examinations applied, only 252 men (38%) revealed completely normal data, whereas 417 men (62%) revealed pathological values in at least one investigation. Patients with pathological ®ndings exclusively in the neurophysiological or vascular investigations or in both accounted for about 20% each (Figure 3) . With a mean age of 51.6 y, range (24±75) patients with pathological results either in the vascular or in both, the neurophysiological and vascular investigations, were considerably older than those with undisturbed vascular and nerve supply 46.6 y, range (17±71); patients with exclusively pathological ®ndings in the neurophysiological exams ranged 49.7 y, range (23±76) in between.
Numbers and percentages of normal and pathological ®ndings in the neurophysiological and vascular examinations are displayed in Table 1 and Figure 4 . As anticipated, patients suspicious of psychogenic etiology of erectile dysfunction and those with (BCR-L) measurements and (pudSSEP) recordings M Fabra and H Porst sexual disorders different from erectile dysfunction exhibited normal ®ndings in 75% of all cases. The subcategory`psychogenic per exclusion' exclusively contains patients with normal ®ndings per de®nition. In the remaining subcategories, normal ®ndings in both, the neurophysiological and vascular exams, ranged between 12% in the diabetics and 31% in the patients with alcohol abuse and radicular lesions. Pathological results of about 30±35% in both, the neurophysiological and vascular areas, were encountered in the subcategories`alcohol abuse',`diabetes',`PNP of various etiology',`pelvic trauma or surgery', and unexpected pathological value', and of about 20% in the subcategories`radicular lesions' and`CNS disease'. Pathological ®ndings either in the vascular or neurophysiological investigations were observed in 40±50% in most subcategories with a slightly higher tendency in the neurophysiological area, probably due to reasons of allocation. The subcategory`diabetics' was at a considerably higher risk for vascular disturbances (31%) than for neuronal problems (22%). Furthermore, predominantly pathological vascular ®ndings were observed in 24% and pathological neurophysiological ®ndings in 15% in patients falling under the subcategory`local penile affections', including cases with removed penile implants.
Patients with sexual complaints different from erectile dysfunction such as penile pain, ejaculatory or orgasmic disorders revealed in 22% pathological neurophysiological results but no vascular impairment. Of considerable interest is ®nally the fact, that patients of the subcategories`pelvic trauma or surgery' and especially`CNS disease' had exclu- (BCR-L) measurements and (pudSSEP) recordings M Fabra and H Porst sively pathological vascular results to the same extent as pathological results in the neurophysiological examinations. So, for example, in the 10 males with multiple sclerosis falling under this subcategory only one had normal data in both ®elds; in 5 patients pathological ®ndings were assessed exclusively in the neurophysiological examinations, in 4 further patients, however, neurophysiological and vascular parameters were pathological.
The high ratio of pathological vascular ®ndings in the subcategory`miscellaneous' is due to the fact, that 36 patients with isolated penile vascular disorders apart from neurological imbalance were assigned to this subcategory.
The two right-hand columns of Table 1 contain those 30 of the 669 patients (4.5%), in whom rather severe impairment either in the neurolophysiological or vascular exams with absent or considerably prolonged ( b 50 ms) BCR-L andaor absent or prolonged ( b 55 ms) pudendal SSEP P-1-latencies in combination with systolic peak¯ow velocities 20 cmas andaor cavernous insuf®ciency with maintenance¯ow values b 80 mlamin, respectively were assessed. As anticipated, the highest percentages of severe impairment were found again in the subcategories`local penile affection' due to removed penile implants and``diabetes mellitus'.
Discussion
According to the literature recordings of pudendal nerve SSEP and BCR-latencies represent neurophysiological investigations routinely applied in the evaluation of erectile dysfunction for more than 14 or 40 y respectively. 9±13 Despite their frequent description in the literature, however, the diagnostic bene®t of both methods remained disputable in terms of their etiological contribution to the onset of erectile dysfunction and became questionable again especially in the last few years.
14±17
Notwithstanding in diabetic male impotence several authors found prolonged BCR-L and pudendal SSEP p-1-latencies. 5,18±23 In this context, however, it should not be unmentioned that, in dependence of the author, the pathological ®ndings exhibit a high variety ranging from 10% 24 to more than 50%. 7, 20 Several authors found a better correlation between pathological BCR-L and symmetrical PNP of the distal lower limbs than with erectile dysfunction, prompting them to the statement, that BCR-L measurements should more likely be considered for evaluation of peripheral neuropathy than erectile dysfunction. 25 Therefore pathological BCR-L were detected in a considerable number of male diabetics but could not be correlated with the state of erectile function. 26, 27 Apart from diabetic impotence Vodusek et al 28 described prolonged BCR-L in 7 out of 10 assessed patients with hereditary neuropathy, none of them suffering from erectile dysfunction.
In patients with a history of multiple sclerosis, Ghezzi et al 29 found in a sample of 34 patients 9% pathological BCR-L and 77% pathological pudendal nerve SSEP without any correlation to the respective erectile capacity, whereas Betts et al 30 described in an equivalent sample of 34 MS-patients a considerable even if not as high as for tibial SSEP correlation between pudendal SSEP and hyperre¯exogenic bladder as well as Kurtzke score. Considering erectile function, however, no correlation was observed. Various authors point out that, in the assessment of erectile dysfunction, the diagnostic bene®t of pudendal SSEP recordings might be less than the one of tibial SSEP, and that complete history and clinical examination may be more useful in terms of improved diagnostic bene®t than the aforementioned neurophysiological investigations. 14, 15, 31 The supposed limited diagnostic bene®t, attributed by several authors to BCR-L measurements and pudendal nerve SSEP recordings is mainly due to the fact, that both methods represent appropriate tools for the evaluation of somatic nervous system pathways, but not for the autonomic nervous system, which is mainly responsible for the induction of an erection.
32±35 Although in this connection several authors assert, that CC-EMG recordings are able to reveal disturbances of the autonomic nerve supply to the penis, 36±38 the value and reliability of CC-EMG as a routinely diagnostic method was disproven by other investigations. 39, 40 Other neurophysiological investigations such as recordings of sacral re¯ex latencies with an autonomic afference 41, 42 or measurements of scalp potentials after stimulation of autonomic nerve ®bres at the vesicourethral junction or rectal mucosa, respectively 43±48 are both invasive and inconvenient for the patient and therefore highly likely of a low acceptance. Furthermore these methods have not yet reached the status of a standardised procedure with generally accepted parameters. Therefore, from the diagnostic standpoint, only the somatic penile nervous system (dorsal and pudendal nerve) currently permits a standardised access to routine evaluation.
The situation turns out quite different in terms of evaluation of the penile blood supply. For the assessment of the penile arteries, duplex-sonography with determination of the systolic peak¯ow velocities and the enddiastolic blood¯ow in combination with intracavernous pharmacotesting has become a widely accepted standard procedure. 49±51 In this conjunction, systolic peak¯ow velocities b 25±30 cmas in the deep penile arteries and enddiastolic¯ow values`3±5 cmas are considered to prove normal penile blood supply as well as suf®cient venoocclusive mechanisms. 49Y50Y52 In addition, for further evaluation of venoocclusive function of the cavernous bodies, pharmaco-caver-(BCR-L) measurements and (pudSSEP) recordings M Fabra and H Porst nosometry and -graphy presently also represent standard procedures with general acceptance in the literature.
53±55
Even though the diagnostic validity of BCR-L measurements and pudendal nerve SSEP recordings are controversely discussed, their high degree of standardisation and intraindividual reproducibility 56,57 as well as the high level of acceptance and widespread use 15, 17 have rendered them a reliable method for the assessment of disturbances in the somatic penile nerve supply. According to our knowledge, the present retrospective study represents the most comprehensive one, in which patients with different neurological disorders with or without simultaneous erectile dysfunction were correlated both to the results of BCR-L and pudendal nerve SSEP recordings as well as to penile vascular assessment.
Our retrospective study provided three different issues, which should be emphasised ( Figure 3 ):
1. In the majority of patients (62%) with erectile dysfunction neurological andaor vascular abnormalities could be detected through thorough diagnostic work up. Therefore the results of this clinical study support speculations, that a predominant part of erectile disturbances is based on an organic etiology. 2. In a sample of impotent men especially with neurological prediagnoses, vascular and neurophysiological abnormalities are with 43% vs 39% of a similar extent. 3. In patients with pathological ®ndings, the shapes of pathological ®ndings either in the vascular or neurophysiological assessment or in both are almost equal.
Similar results have been published by Blaivas et al, 1 who established combined neurological, psychiatric and vascular de®ciencies in 48% of males with erectile dysfunction they assessed. Nogueira et al 3 reported pathological BCR-L in 30 out of 200 (15%) and pathological PudSSEP in 4 out of 47 (13%) men with erectile dysfunction; in addition 10 of these patients with pathological ®ndings in the neurophysiological investigations had concomitant vascular impairment. Lavoisier et al 2 described pathological vascular ®ndings in 11 out of 19 males (21%) with pathological BCR out of 90 evaluated impotent men. Comparable to our data these studies stress the coincidence of pathological results in neurophysiological and vascular evaluation. In this connection the question raises, whether neurophysiological investigations are of lower importance, as it is argued by the authors, or if both pathological parameters, the vascular and the neurological one, contribute to a similar extent to the onset of erectile failure. In favour of an equally important contribution of both, neurophysiological and vascular abnormalities, are especially our results in patients with diabetes mellitus or a history of pelvic trauma or surgery, which are comparable to those of Porst et al. 6 On the other hand the striking pathological ®ndings in patients with failed penile implants as well as the absence of pathological ®ndings in patients with suspected psychogenic etiology or complaints different from erectile dysfunction were foreseeable. (BCR-L) measurements and (pudSSEP) recordings M Fabra and H Porst Another issue worthwhile being discussed is the interpretation of several authors, that in patients with normal Rigiscan but pathological BCR-L andaor pudendal SSEP, the etiology of impotence should be considered psychogenic as the Rigiscan recordings could disprove the neurophysiological investigations. 2, 3 Concerning these statements it must be realised, that the occurrence of nocturnal penile reactions and voluntarily penile erections, induced by sexual arousal, are subject of activation of completely different neurological pathways and are therefore hardly comparable to each other; 58 further remarks to the method of penile tumescence measuring are given by Goldstein. 59 Furthermore, normal nocturnal erections will occur, when the efference from the spinal cord to the penis is intact, BCR-L and pudendal SSEP however may be just pathological, when the afference from the penis to spinal cord is impaired. 55 Striking in our study was the considerable coincidence of vascular and neurological impairment in patients with an anticipated neurological etiology of erectile dysfunction, such as alcohol abuse (43%), PNP of various etiology (47%), lumbosacral radiculopathies (40%), and CNS diseases (46%), (Table 1) . This high coincidence of neurophysiological and vascular factors is also true for the subset of patients suffering from MS in whom 4 out of 10 exhibited also pathological duplex sonographic measurements. Due to the small sample of MS patients in our study, however, the question, raised by Ghezzi et al, 29 how important vascular factors for the manifestation of erectile dysfunction in MS patients are, cannot be de®nitely answered.
Conclusions
This comprehensive study on a representative sample of 669 patients, among them 642 with erectile dysfunction, provided convincing evidence that in about 30% of patients with anticipated neurological diseases both, vascular and neurological de®ciencies, are responsible for the onset of erectile incapacity. In dependence of the underlying neurological diagnosis 15±30% of these presumptively neurological patients exhibit exclusively vascular causes for their sexual incompetence. Moreover BCR-L and pudendal SSEP currently represent the only reliable neurophysiological investigations for revelation of neurological de®cien-cies as far as the somatic penile innervation is involved into erectile failure
